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The present invention relates to artificial heart s 
valves, and more particularly to flexible leaflet heart 
valves as specified in the preamble of Claim 1 which are 
used to replace the natural aortic or pulmonary vah/es 
of the heart. 

Such valves are in general known from e.g. Medical io 
And Biological Engineering, vol. 14, no. 2. p. 122-129, 
March 1 976 or GB-A-1 443 221 or CA-A-1 232 407. 

Conventionally, ball or disk valves are used to 
replace natural mitral or tricuspid aortic or pulmonary 
valves of the heart. These artificial valves comprise a is 
rigid frame defining an aperture and a cage enclosing a 
ball or a disk. When Wood flows in the desired direction, 
the bail or disk lifts away from the frame allowing the 
blood to flow through the aperture. The ball or disk is 
restrained by the cage by struts or by a pivot. When 20 
blood tries to flow in the reverse direction, the ball or 
disk becomes seated over the aperture and prevents 
the flow of blood through the valve. The disadvantage of 
these valves is that the ball or disk remains in the blood 
stream when the blood flows in the desired direction, 25 
and this causes a disturbance to blood flow. 

More recently, flexible leaflet valves have been pro- 
posed which mirror natural heart valves more closely. 
These valves have a generally rigid frame and flexible 
leaflets attached to this frame. The leaflets are arranged 30 
so that, in the closed position, each leaflet contacts its 
neighbour thereby closing the valve and preventing the 
flow of blood. In the open position, the leaflets separata 
from each other, and radially open out towards the inner 
walls of an artery in which the valve is located. The leaf- 35 
lets are either made from chemically treated animal tis- 
sue or polyurethane material. The leaflets must be 
capable of withstanding a high back pressure across . 
the valve when they are in the closed position, yet must 
be capable of opening with the minimum pressure 40 
across the valve in the forward direction. This is neces- 
sary to ensure that the valve continues to correctly oper- 
ate even when the blood flow is low, and to ensure that 
the valve opens quickly when blood flows in the desired 
direction. AC 

A wide range of geometries are used to describe 
natural aortic valve leaflets during diastole, but these 
geometries cannot be used for valves made from peri- 
cardial or synthetic materials due to the approximately 
isotropic properties of such materials compared to the so 
highly anistropic material of the natural valve. Conse- 
quently, different geometries have to be used to form 
flexible leaflet heart valves made from pericardial or 
synthetic materials with isotropic mechanical proper- 
ties. 55 

Conventional flexible leaflet heart valves have three 
substantially identical leaflets mounted onto the frame. 
The leaflets have a range of designs, both in the geom- 



etry of the leaflet and the variations in thickness of the 
leaflets. Original flexible leaflet heart valves incorporate 
leaflets which are spherical or conical when in the 
relaxed stat , that is when no pressur is acting on the 
leaflet. More recently, cylindrical and ellipsoidal leaflets 
have been proposed. These leaflet geometries are 
formed with an axis of revolution in a plane generally 
parallel to the blood flow through the valve. 

DISCLOSU RE OF THE INVFNTIOM 

According to the present invention, a flexible leaflet 
heart valve for controlling the flow of blood comprises a 
substantially rigid frame and a plurality of substantially 
identical flexible leaflets mounted on the frame, each 
flexible leaflet forming part of a surface of revolution 
having its axis of revolution lying in a plane substantially 
orthogonal to the direction of blood flow through the 
valve, characterised in that each leaflet has a shape 
defined by the equation: 

z 2 +y 2 = 2R L (x-g)-a(x-g) 2 

where: 

g is the offset of the leaflet from the axis of the 
frame; 

Rl is the radius of curvature of the leaflet at (g,0.0); 
and 

a is the shape parameter and is greater than 0 and 
less than 1. 

A flexible leaflet valve according to the present 
invention has improved opening charar+e-r^cs under 
low flow conditions. The shape of the leaflets is such 
that the radius of curvature of the leaflet continuously 
increases in two directions away from the centre point of 
the free edge. By varying the radius of curvature, the 
leaflet shape may be varied and still fit within the frame. 

The value of a may be in the range of 0.2 to 0.8, but 
is preferably in the range 0.4 to 0.6. and more preferably 
is about 0.5. 

Preferably, x is in the range of 0 to R L . y is in the 
range between -R L and +R L , and z lies in the range -1 8 
R L to +0.2 R L . 

The valve preferably includes three leaflets, and in 
this case the valve closure is preferably effected by the 
surface adjacent the free edge of each leaflet making 
sealing contact with the two neighbouring leaflets. The 
frame on which the leaflets are mounted is preferably 
circular in cross-section, and has a size dependent 
upon the size of the aorta or pulmonary artery in which 
the valve is to be used. 

Preferably each leaflet is made from a poly- 
urethane material, and has a variable thickness, prefer- 
ably between 0. 1 5 mm and 0.25 mm. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

An example of a flexible leaflet heart valve accord- 
ing to the present invention will be described with refer- 
ence to the accompanying drawings, in which:- s 

Figure 1 shows an overall view of the valve; 

Figure 2 shows a plan of the valve; and. 

Figure 3 shows a cross section of one leaflet of the 

valve taken along the line A - A shown in Figure 2. io 

DESCRIPTION OF PREFERRED EMBODIMENT 

As shown in Figure 1 . a flexible leaflet heart valve 1 
includes three flexible leaflets 2 which are substantially 75 
identical^ each other. The leaflets 2 have a free edge 
4. The leaflets 2 are mounted symmetrically on a frame 
3. The valve 1 is positioned in an artery with the axis of 
the frame 3 generally coaxial to the axis of the artery, 
and hence in the same direction as the blood flow along 20 
the artery. The leaflets 2 form part of a paraboloid hav- 
ing its axis of revolution lying in a plane orthogonal to 
the direction of blood flow. 

Using cartesian geometry with the z direction being 
the direction of blood flow, the y direction orthogonal to 25 
this and extending from the centre of the free edge 4 of 
the leaflet 2, and the x direction being orthogonal to 
both the y and z directions, then the shape of the leaflet 
is represented by the equation; 

30 

z +y =2R L (x-g)-a(x-g) 2 

where: 

g is the offset of the leaflet from the axis of the 35 

frame as shown in Figure 3: 

R L is the radius of curvature of the leaflet at (g. 0. 0) 

as shown in Figure 2; and 

a is the shape parameter, and is greater than 0 and 

less than 1. 40 

If a = 1 the geometry of the leaflet 2 will be spheri- 
cal. When a = 0, the surface will be parabolic. However, 
for 0> a >1, the leaflet shape has a variable radius of 
curvature having its axis of revolution in the x, y plane. 45 
This allows leaflets to be produced having a shape to 
give the required properties which also fits within any 
given frame. 

The valve radius. R F as shown in Figure 3. and R L 
are both in the range of 5 mm to 20 mm, g is in the range so 
of 0 to 3 mm and a is 0.5. 

Leaflets of this shape open radially away from the 
centre of the frame out towards the wall of the artery 
with a very low pressure, typically below 1 mm Hg. This 
is important as if the valve 1 fails to open at low pres- ss 
sures, the blood will cease to circulate. The shape of the 
leaflets 2 also ensures that they rapidly close when the 
blood tries to flow in the reverse direction, therefore 



quickly preventing the blood from flowing in this direc- 
tion. 

Various sizes of frame 3 may be used depending 
upon the size of the artery. Due to the leaflets 2, a frame 
radius Rp of about 13.5 mm produces a valve having an 
effective orifice area of approximately 2.5 cm 2 . This typ- 
ically allows approximately 4,5 litres per minute of blood 
to flow through, at which rate, the valve 1 has a closing 
regurgitant volume of less than 3 ml per stroke. 

Although not shown, the valve may have only twc or 
more than three flexible leaflets 2. 

The precise size and shape of the leaflets 2 
depends upon the particular size of vessel in which the 
valve 1 is to be used. In particular, the shape parameter 
a of the leaflets 2. may be varied to produce a set of 
valves 1 of substantially the same size but different 
shapes to suit most applications. Alternatively, a set of 
heart valves 1 may be produced all of which have the 
same shape, but have different sizes for particular appli- 
cations. 

Claims 

1. A flexible leaflet heart valve for controlling the flow 
of blood in an artery comprising a substantially rigid 
frame (3), and a plurality of substantially identical 
flexible leaflets (2) mounted on the frame (3). each 
flexible leaflet (2) being formed from part of a sur- 
face of revolution having its axis of revolution lying 
in a plane substantially orthogonal to the direction 
of blood flow through the valve (1), characterised in 
that each leaflet (2) has a shape defined by the 
equation: 

z 2 + y 2 =2R L (x-g)-a(x-g) 2 
where: 

g is the offset of the leaflet from the axis of the 
frame; 

R L is the radius of curvature of the leaflet (2) at - 
(g. 0, 0);and 

a is the shape parameter and is greater than 0 
and less than 1. 

2. A flexible leaflet heart valve according to claim 1 , in 
which a is in the range 0.2 to 0.8. 

3. A flexible leaflet heart valve according to claim 1 or 
2, in which a is within the range 0.4 to 0.6. 

4. A flexible leaflet heart valve according to any of the 
preceding claims, in which a is substantially 0.5. 

5. A flexible leaflet heart valve accorcfing to any of the 
preceding claims, in which x is in the range 0 to R L , 
y. when present, is in the range -R L to +R L , and z is. 
in the range -1 .8R L to +0.2R L . 
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6. A flexible leaflet heart valve according to any of the 
preceding claims, in which the valve radius R F and 
R L are both between 5 mm and 20 mm, and g is in 
the range 0 to 3 mm. 

7, A flexible leaflet heart valve according to any of the 
preceding claims including three flexible leaflets (2). 



6. 



8. 



9. 



A flexible leaflet heart valve according to any of the 
preceding claims, in which the rigid frame (3) has a 
substantially circular cross section. 

A flexible leaflet heart valve according to any of the 
preceding claims, in which the leaflets are made 
from polyurethane and have a variable thickness in 
the range 0. 1 5 mm to 0.2 mm. 
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1. 



Als flexibles Blattventil ausgebildete Herzklappe 
zum Steuern des Biutstromes in einer Arterie, mit 
einem im wesenttichen starren Rahmen (3) und 
mehreren im wesentlichen identischen Biattern (2), 
die an dem Rahmen (3) angebracht sind, wobei 
jedes flexible Blatt (2) die Form eines Teils einer 
Rotationsfiache hat, deren Rotationsachse in einer 
Ebene liegt, welche in wesentlichen senkrecht zur 
Richtung des Blutstroms durch die Herzklappe (1) 
veriauft. dadurch gekennzeichnet. da8 jedes Blatt 
(2) eine Form hat, die durch die folgende Gleichung 
definiert ist: 

z 2 +y 2 = 2R L (x-g)-a(x-g) 2 

worin: 



Bereich von -R L bis +R L und z im Bereich von -1,8 
\ bis + 0,2 R u liegt. 

Als flexibles Blattventil ausgebildete Herzklappe 
nach einem der vorhergehenden AnsprQche, bei 
der der Ventilradius R F und R u beide zwischen 5 
mm und 20 mm liegen und g im Bereich von 0 bis 3 
mm liegt. 

Als flexibles Blattventil ausgebildete Herzklappe 
nach einem der vorhergehenden AnsprQche. die 
drei flexible Blatter (2) aufweist. 



75 



4. Als flexibles Blattventil ausgebildete Herzklappe 
nach einem der vorhergehenden AnsprQche, bei 
der a im wesentlichen 0,5 betragt. 

5. Als flexibles Blattventil ausgebildete Herzklappe 
nach einem der vorhergehenden AnsprQche, bei 
der x im 8ereich von O bis R L . y, falls vorhanden, im 



8. Als flexibles Blattventil ausgebildete Herzklappe 
nach einem der vorhergehenden AnsprQche, bei 
der der starre Rahmen (3) einem im wesentlichen 
kreisformigen Querschnitt hat. 



9. 
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Als flexibles Blattventil ausgebildete HerzWappe 
nach einem der vorhergehenden AnsprQche. bei 
dem die Blatter aus Polyurethan bestehen und eine 
veranderliche Dicke im Bereich von 0,15 mm bis 
0,2 mm haben. 
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g der Versatz des Blattes gegenuber der Achse 
des Rahmens ist; 

R L der Krummungsradius des Blattes (2) bei 
(g. O. O) ist; und 

a der Formparameter ist und grdGer als 0 und 
kleiner als 1 ist. 



2. Als flexibles Blattventil ausgebildete Herzklappe 
nach Anspruch 1 , bei der a im Bereich von 0,2 bis 45 
0,8 liegt. 



3. Als flexibles Blattventil ausgebildete Herzklappe 
nach Anspruch 1 , bei der a im Bereich von 0.4 bis 
0,6 liegt. 



2s Revendications 



1. Valve cardiaque a feuiilets flexibles. pour comman- 
der la circulation du sang dans une artere. compor- 
tant un cadre (3) essentiellement rigtde et plusieurs 
feuiilets flexibles (2) essentiellement identiques 
montes sur le cadre (3), chaque feuillet flexible (2) 
etant forme d'une partie d'une surface de revolution 
dont Paxe de revolution est situe dans un plan 
essentiellement orthogonal a la direction de circula- 
tion du sang a travers la valve (1), caractensSe en 
ce que chaque feuillet (2) prSsente une forme defi- 
niepar I'equation: 
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z 2 + v z 



2R L (x-g)-a(x-g) : 



dans laquelle: 



so 2. 
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g represente le decalage entre le feuillet et 
I'axe du cadre; 

R L represente le rayon de courbure du feuillet 
(2) en (g. 0. 0); et 

a represente le parametre de forme et est 
supeneur a 0 et inferieur a 1 . 

Valve cardiaque a feuiilets flexibles selon la reven- 
dication 1, dans laquelle a est compris dans la 
plage de 0.2 a 0,8. 

Valve cardiaque a feuiilets flexibles selon la reven- 
dication 1 ou 2, dans laquelle a est compris dans la 
plage de 0,4 a 0,6. 

Valve cardiaque a feuiilets flexibles selon Tune 
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quelconque des revendications pr£c6dentes. dans 
laquells a vaut essentiellement 0.5. 

5. Valve cardiaque & feuillets flexibles selon Tune 
quelconque des revendications pr6c6dentes, dans s 
laquelle x est compris dans la plage de 0 a R L , y, sll 
existe. est compris dans la plage de -R L a +R L et z 
est compris dans la plage de -1,8 R L k +0,2 R L . 

6. Valve cardiaque & feuillets flexiWes selon Tune io 
quelconque des revendications prScedentes. dans 
laquelle le rayon de la valve R F et R^ sont tous deux 
compris entre 5 mm et 20 mm, et g est compris 
dans la plage de 0 k 3 mm. 

15 

7. Valve cardiaque a feuillets flexibles selon Tune 
quelconque des revendications pr6c6dentes, com- 
portant trois feuillets flexibles (2). 

8. Valve cardiaque a feuillets flexibles selon Tune 20 
quelconque des revendications pr6cedentes. dans 
laquelle le cadre rigide (3) presente une section 
transversale essentiellement circulaire. 

9. Valve cardiaque a feuillets flexibles selon Tune 25 
quelconque des revendications pr6c6dentes. dans 
laquelle ies feuillets sont realises en polyurethane 

et pr&enterrt une epaisseur variant dans la plage 
de 0.15 mm & 0,2 mm. 
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Fig.3. 
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